Abstract
Introduction

59
The interactions established between microorganisms and plants have been evaluated intensively. Among 60 them, one of the first being recognized was the mutualistic interaction established between roots and 61 mycorrhizal fungi, a process that conduces to important improvements in plant nutrition and tolerance to 62 stress. Subsequently, many other bacterial and fungal endophytes were reported to provide the host with 
96
The aim of this work was to isolate and select a fungal endophyte from the root system of L. tenuis plants 97 growing in the Flooding Pampa soils, with ability to solubilise phosphate and to convey tolerance to 98 alkalinity and salinity. Moreover, we characterized the effect of fungal infection on plant fitness using a 99 selected strain and the species L. japonicus or L. tenuis. We found that phosphorous solubilising strains 100 are also able to invade inner tissues of Lotus roots and to provoke differential responses in the studied 101 plant species. These differential responses seem to be due to the deployment of distinct nutrient 102 metabolizing mechanisms. Our results shed more light on the current knowledge of the molecular events 103 explaining the mutualism-pathogenesis continuum in plant-microbe interactions.
4
Materials and Methods
105
In order to isolate fungal endophytic strains, L. tenuis plants growing on Flooding Pampa soils were 106 collected. The root system was separated from the shoots and washed under tap water. The roots were cut 107 in several pieces of 1 cm length and placed with ethanol (70%) during 1 minute, followed by NaClO 108 solution (10%) during 3 minutes and rinsed several times with sterile distilled water. Each root fraction 109 was placed in potato dextrose agar medium (PDA, Britania Lab, Argentina) containing 1 mg/L 110 gentamicin, until the apparition of fungal mycelia. The water corresponding to the last wash after the 111 disinfection process was used as control of the surface sterilizing procedure. The strains were placed in
112
PDA medium and storage at 4°C.
113
For the evaluation of the phosphate solubilisation capacity, each strain was cultivated in liquid NBRIP 114 medium (Nautiyal, 1999) supplemented with 10 g additional of glucose, in shaker during 7 days at 30°C.
115
After the incubation period an aliquot of the supernatant medium was collected to evaluate the amount of 
117
Nine strains, according to the highest phosphate solubilisation capacity were selected for further analysis.
118
Then, they were identified through amplification and sequencing of the Internal Transcribed Spacer ITS1- 
131
The capacity of the selected strains to growth in different concentrations of NaCl was carried out in PDA 132 medium supplemented with 0, 100, 150 and 200 mM NaCl. The ability to growth in a wide range of pH
133
was also determined using malt extract agar medium supplemented with buffers solutions according to 
176
Determination of photoassimilates
177
The amount of fructose, glucose, sucrose and maltose was determined through gas chromatography 
192
For Total phosphorus (P) and potassium (K) measurements, samples were digested with HNO 3 (Merck,
193
Germany) and diluted in 50 ml of distilled water. The macronutrients were quantified directly with a
194
Microwave Plasma-Atomic Emission Spectrometry analyzer (MP-AES Agilent Technologies, Germany).
195
Results
196
Characterization of fungal strains isolated from the roots of L. tenuis
197
We evaluated the phosphate solubilisation capacity of 9 fungal strains isolated from healthy roots of L.
198
tenuis plants growing in Flooding Pampa soils. All the strains were able to solubilise phosphate in vitro.
199
Among them, the strains 142L52A and 142L52B showed a remarkable activity for phosphate 200 solubilisation (Fig. 1 biomass of roots and shoots between infected and control plants (Fig. 4a, b) . Interestingly, even though 214 the total number of leaves and lateral shoots did not change in both species in response to fungal 215 infections (Fig. S1 ), fungal infection provoked a reduction in the foliar area of L. tenuis (Fig. 4c) .
7
In addition, with the purpose to confirm the endophytic nature of the fungal strain, we re-isolated it from 217 infected roots after the growth period of 37 days. This analysis demonstrated that F. solani 142L52B was 218 absent in the basal shoots and limited to the root system. Besides, microscopy analysis showed that the 219 infection is intracellular and located only to the cortex cells of roots (Fig. 3b, c) .
220
Effect of F. solani on the photosynthesis and stomatal conductance of Lotus plants
221
The photosynthesis is sensitive to several biotic stress conditions. Because the fungus may constitute an 222 additional carbon sink, we speculated that the endophyte could affect the photosynthetic rate. In addition,
223
according to other studies, the endophytes could also affect stomatal opening by maintaining turgor 224 pressure in leaves (Richardson et al. 1993 in the sub-stomatal cavity (C i ) (Fig. 5c ), which reflects a higher movement of CO 2 to the leaf mesophyll 229 that is tightly linked to C fixation. In turn, infection by F. solani 142L52B did not provoke any alteration
230
in the stomatal conductance (GS) in both plant species (Fig. 5b) .
231
In addition, we analysed the Chlorophyll a fluorescence OJIP transient to determine the operational status 
238
In addition, PIabs, CSo-related and RC-related parameters were also significantly modified in L. tenuis 239 under the fungal infection (Fig. 6b) .
240
Changes of the content of photoassimilates and ions in response to fungal infection
241
Metabolites such as sugars are good reporters to determine the potential cost of the interaction generated
242
by the fungus, as their concentration is a proxy of the plant energetic balance during the endophytic 243 interaction. As shown in figure 7 , the amount of fructose, glucose, sucrose and maltose in leaves were 244 significantly higher in L. japonicus infected with F. solani 142L52B than in controls (Fig. 7) . In contrast,
245
fungal infections led to a reduction in the concentration of these compounds in L. tenuis. In agreement
246
with the increase of glucose and fructose, the amount of precursors, such as fructose-6-phosphate and 247 glucose-6-phosphate varied in both species.
248
The concentrations of sugars detected in roots were also modified in both species. Thus, in L. japonicus
249
there was a significant increment in the concentration of glucose and fructose, while sucrose 250 concentration was diminished in L. tenuis (Fig. 7) .
251
Fungal endophytes may provide nutritional benefits to the plant host, which could be due attributed to a 258 macronutrient contents were not statistically different for N and P (Fig. 8a, b) . These results indicate that
259
there is no apparent benefit provided by the endophyte on the P and N nutrition relative to accumulated 260 dry mass. However, a reduction in the amount of K in leaves of L. japonicus was observed, while an 261 increment in the concentration of this element was detected in L. tenuis after the infection by F. solani 262 (Fig. 8c) .
263
Discussion
264
In this study, we isolated and identified a strain of 
342
The parameter Fv/Fm (Φ Po ) was used previously to characterize the plant physiological status during 
367
Whether a similar carbohydrate depletion mechanism explains the reduction of sugars and biomass in L.
368
tenuis following fungal infection (Fig. 4) needs to be addressed.
11
On the other hand, it should be taken into account that sugars also function as signal molecules, which are 370 involved in several plant processes such as growth and development (Rolland et al. 2006 
393
Moreover, K 2 SiO 3 has been proposed as a useful agent to control pathogens (Chérif et al. 1994 629 measured after 37 dpi (days post inoculation) in ten control treated and ten F. solani inoculated plants of
